Abstract. Tetramethylsilane, alone and in combination with inert gases are widely used in various material processing. The electron transport coefficients in binary mixtures tetramethylsilane gas with buffer gases such as Kr, Xe, He, and Ne gases, therefore, was firstly calculated and analyzed by a two-term approximation of the Boltzmann equation in the E/N (ratio of the electric field E to the neutral number density) range of 0.1-1000 Td (Townsend). These results can be considered to use in many industrial applications depending on particular application of gas, especially on plasma polymerization and plasma enhanced chemical vapour deposition.
Introduction
Tetramethylsilane [(TMS), Si(CH3)4] vapour is widely used in plasma polymerization and plasma enhanced chemical vapour deposition (PECVD) [1] [2] [3] [4] [5] [6] [7] . As analyzed by Kawaguchi et al [8] , in order to obtain the high hardness and low friction coefficient of thin film, TMS vapour is often used to deposit a thin film of silicon-doped diamond like carbon (Si-DLC) in PECVD processes [9, 10] . These film properties are strongly influenced by the characteristics of the discharge plasma used for film deposition. Therefore, the effects of the plasma characteristics on the film properties have been paid attention by many researchers [11, 12] . Grotjahn et al [11] reported that the hardness of the Si-DLC film increases with radio frequency power and flow rate of TMS vapour based on results of film deposition using a capacitively coupled plasma (CCP) in TMS-Ar mixtures. Soum-Graude et al [12] also reported that Si(CH3)3 and C2H5 significantly contributes to the growth of the Si-DLC film based on computer the simulation of Si-DLC film deposition by TMS-Ar plasma. This simulation was carried out using the transport and gas-phase reaction of charged and neutral species as well as the surface reaction of neutral species [12] . Steven and Mário [13] investigated the conventional and dynamic actinometry of glow discharges in mixtures of TMS and He, and reported the advantage of using an inert gas in film deposition. Because of above reasons, the electron transport coefficients, which include electron drift velocity, density-normalized longitudinal diffusion coefficient, ratio of longitudinal diffusion coefficient to electron mobility, Townsend first ionization coefficient
Analysis
The electron transport coefficients in mixtures of TMS gas and inert gases such as Kr, Xe, He and Ne were calculated using a two-term Boltzmann approximation and data of electron collision cross sections of used mixtures of gases. Since the validity of electron collision cross section set for gaseous molecule is the most fundamental factor in obtaining the reliable electron transport coefficients, the collecting the accurate electron collision cross section set is necessary. Therefore, in this study, we used the electron collision cross section set for TMS molecule, He, Xe, Ne and Kr atoms as listed below. The set for TMS molecule [14] includes one momentum transfer cross section, two vibrational excitation cross sections (threshold energies of 0.15 eV and 0.21 eV), one electronic excitation cross section (threshold energy of 6.5 eV), one dissociative attachment cross section (threshold energy of 3.05 eV) and one ionization cross section (threshold energy of 9.8 eV). The set of electron collision cross sections for Kr atom determined by Hayashi [15] includes one momentum transfer cross section, fourteen electronic excitation cross sections (threshold energies of 9.915 to 13.437 eV) and one total ionization cross section (threshold energy of 14.0 eV). The set of electron collision cross sections for Xe atom determined by Hashimoto and Nakamura [16] , includes one momentum transfer, fourteen electronic excitation cross sections (threshold energies of 8.315 to 11.58 eV), and one total ionization cross section (threshold energy of 12.13 eV). In this study, we used the two-term approximation of the Boltzmann equation for the energy given by Tagashira et al [17] . This calculated method was successfully used in previous works [14, 18, 19] . Therefore, the calculated electron transport coefficients, which include electron drift velocity, density-normalized longitudinal diffusion coefficient, ratio of longitudinal diffusion coefficient to electron mobility, and Townsend first ionization coefficient in mixtures of TMS molecule with He, Xe, Ne and Kr atoms, are reliable.
Results and discussions
The results for the electron transport coefficients, as functions of E/N for mixtures of TMS with He, Xe, Ne and Kr, calculated in the wide E/N range by a two-term approximation of the Boltzmann equation are shown in figures 1-4. The calculated electron drift velocities in mixtures are suggested to be between those of the pure gases over the range of E/N > 100Td (for TMS-Kr and TMS-Xe mixtures) and over the range of E/N > 20 Td (for TMSHe and TMS-Ne mixtures). In the range of E/N ≤ 20 Td in figures 1 and 2, the values of W in TMS-Kr and TMS-Xe mixtures are higher than those in TMS, Kr and Xe gases. Similarly mentioned by Tuan [18] , the electron drift velocity strongly depends on the momentum transfer and vibrational excitation cross sections. In this range of E/N, the vibrational excitation occurred, the momentum transfer cross section of TMS molecule is higher than that of Kr and Xe atoms and the momentum transfer cross sections of Kr and Xe atoms are deeply decreasing to the minimum points. Therefore, the curves of W in mixtures have same tendency as that in pure TMS molecule. As shown in figures 3 and 4 most values of W in TMS-He and TMS-Ne mixture gases are suggested to be between those of the pure gases over the all range of E/N, exception in 10%, 30% or 50% TMS-He and TMS-Ne mixtures. For these cases, the reasons could be suggested that in this range of E/N, the momentum transfer cross section of TMS molecule is higher than that of He and Ne atoms and the momentum transfer cross sections of He and Ne gases are slightly increasing.
The calculated density-normalized longitudinal diffusion coefficients and ratio of the longitudinal diffusion coefficients to the electron mobility and the first Townsend ionization coefficients in TMS-Kr, TMS-Xe, TMS-He and TMS-Ne mixtures are shown in figures 5-16. These coefficients in the mixtures are suggested to be between those of the pure gases over the all range of E/N. 
Conclusion
The electron transport coefficients (electron drift velocity, density-normalized longitudinal diffusion coefficient, ratio of longitudinal diffusion coefficient to electron mobility, Townsend first ionization coefficient) in mixtures of TMS gas with inert gases such as Kr, Xe, He and Ne gases in the E/N range of 0.1-1000 Td were calculated and analyzed for the first time using the two-term approximation of Boltzmann equation. These results were obtained based on accurate electron collision cross section sets for TMS molecule, Kr, Xe, He, and Ne atoms. Therefore, the present results are useful and necessary for many industrial applications, especially in plasma polymerization and plasma enhanced chemical vapour deposition.
